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Pollinators Are Also HerbivoresPlants often face a dilemma in attracting mutualists versus deterring
antagonists. This dilemma may be exceptionally challenging when the
mutualist and antagonist are the same visitor. It has now been demonstrated
how plants can resolve this conflict through a novel change in flowering traits.Rebecca E. Irwin
Plants interact with myriad visitors,
including mutualists such as pollinators
and antagonists such as herbivores.
Although both pollinators and
herbivores have played central roles
in natural selection and plant
evolution [1,2], there is increasing
recognition that plant–pollinator and
plant–herbivore interactions are not
independent. For example, the dazzling
floral traits that attract pollinators may
also attract plant antagonists, including
herbivores, florivores, nectar robbers,
and seed predators. However, the
arsenal of plant defensive traits that
deters many of these antagonists may
also come at a cost of deterring
pollinators, especially if they are
expressed in floral tissues or nectar [3].
Thus, plants may face a dilemma in
attracting pollinators while at the
same time defending against
herbivores. This dilemma may be
particularly acute when a plant’s
pollinators also act as herbivores in
the same or different life-history
stages [4]. However, as reported
in this issue of Current Biology,
Kessler et al. [5] document a novel
mechanism by which plants overcome
this conundrum by changing flowering
phenology and thus relying on
alternative pollinators.
While it might seem uncommon that
a pollinator would also act as an
herbivore on the same plant, such is not
the case. Nature abounds with animals
that act as both pollinators and
consumers of their host plants [4]. For
example, cabbage white butterflies
pollinate wild radish but also ovipositeggs on the same host plants [6,7].
Their larvae are known specialists on
plants in the Brassicaceae and can
cause damage that affects plant
fitness. Similarly, hawkmoths often
pollinate Solanaceous plants as
nectar-feeding adults and lay eggs
that develop into voracious
herbivorous larvae in the same or
different floral visits [4]. Yucca moths,
which are specialized seed predators,
simultaneously pollinate flowers while
ovipositing their eggs into the floral
ovary, thus ensuring that their
developing larvae will have Yucca
seeds as a food resource [8]. This
conflict of mutualists consuming their
hosts is not restricted to herbivorous
pollinators; ants that tend aphids and
consume their honeydew also
consume the aphids under certain
ecological conditions [9].
Given that some plants must cope
with pollinators who also act as
herbivores, how do plants defend
against these antagonistic mutualists?
The solution for plants is not
straightforward, as traits that defend
against antagonists may come at the
cost of also dissuading, or being
deleterious to, mutualists. Some of the
best-known examples of tradeoffs in
traits that affect both attraction and
defense pertain to the production and
distribution of secondary compounds
in plants [10,11]. Many plant species
produce secondary compounds that
protect their leaves, but these defense
chemicals are also found in their floral
tissue, nectar, and pollen. While the
expression of secondary compounds
in leaves may benefit plants through
reduced herbivore damage, theirexpression in petal tissue and floral
rewards may come at a cost of also
deterring pollinators [3]. Alternatively,
traits that increase pollinator attraction
may come at a cost of increased
herbivory. For example, augmented
nectar production can result not only
in higher pollinator visitation rates
but also increased oviposition by
antagonistic mutualists, given that
nectaring and oviposition are often
tightly coupled behaviors [5].
These tradeoffs in pollinator
attraction versus plant defense may
be rampant in natural systems, and
Kessler et al. [5] report a novel
mechanism by which plants can
cope with interactions with
pollinating herbivores. Wild tobacco
(Nicotiana attenuata) is pollinated by
night-flying hawkmoths (Manduca
quinquemaculata), and after foraging
for nectar, the moths oviposit eggs of
their herbivorous larvae onto the same
host plants. In a fascinating series of
observations and experiments,
Kessler et al. [5] document that
plants damaged by hawkmoth larvae
change their flowering phenology
from night-opening flowers to
morning-opening flowers.
Morning-opening flowers are more
attractive to hummingbird
co-pollinators of wild tobacco,
likely because the nectar has not
been ravaged the night
before by hawkmoths (Figure 1).
This herbivore-induced shift in
flower-opening time benefits plant
seed production, a feat purportedly
accomplished by substituting the
system’s nocturnal antagonistic
mutualist, the hawkmoth, with an
adequate replacement, the diurnal
hummingbird. Also associated with the
shift in flower-opening time following
damage is a reduction in benzyl
acetone production (a volatile emitted
from flowers that is attractive to
hawkmoths) and a change in flower
shape. The authors speculate that the
change in flower shape may provide an
honest signal by which hummingbird
Figure 1. Hummingbird co-pollinator visiting
morning-opening flowers of wild tobacco.
(Photo courtesy of Danny Kessler.)
Dispatch
R101co-pollinators can recognize the more
rewarding morning-opening flowers.
While, at first glance, the means by
which wild tobacco copes with
hawkmoth pollinating herbivores may
seem rather novel and system specific,
that may not be the case given that
this system is similar to many others.
Foremost, the plant hormone
jasmonic acid (JA), which drives the
herbivore-induced changes in
flower-opening time, is a common
signal transducer in plants and is vital
for the production of a suite of chemical
defenses. Experiments by Kessler et al.
[5] revealed that while wounding alone
did not change flower-opening time in
JA-deficient plants, the application of
JA to wounds could change flower
opening, raising the possibility that
a mechanism like this might occur in
other plant species. Second, many
plants that appear to specialize on
particular types of pollinators may gain
a significant portion of their pollination
success from co-pollinators under
some ecological contexts [12]. Third,
pollinators often show strong
preference for rewarding flowers by
using correlated cues or honest signals
that alert them to reward content.
Hummingbird pollinators in particular,
with their high energy demands for
flight and hovering, often exhibit the
ability to assess reward content prior
to tasting flowers [13]. Taken
together, these factors suggest that
herbivore-induced changes in floraland flowering traits may be widespread
and could positively affect plant fitness
in the midst of co-pollinators that can
cue in on reward content.
Like many studies that are the first
to document novel phenomena, this
work raises as many questions as it
answers. In particular, it is unclear
why wild tobacco don’t always
produce morning-opening flowers
if they reduce herbivore loads and
can effectively be pollinated by
hummingbird co-pollinators. While
this study provides no concrete
answer, the authors speculate that
hummingbird co-pollinators may be
less reliable than hawkmoth pollinators
for the fire-adapted wild tobacco that
blooms in large, almost monoculture
populations. Hawkmoths are often
attracted to these blooms due to
volatiles emitted by tobacco, whereas
hummingbirds, which typically don’t
rely on volatile cues to locate host
plants, may only be important
co-pollinators in areas where wild
tobacco is blooming in proximity to
hummingbird nest sites or foraging
territories. The validity of this
speculation requires more
experimental work in the natural
system. Also of interest is how
common these JA-induced changes in
floral and flowering traits may be, their
ecological consequences in other
plant-herbivore–pollinator systems,
and how the costs versus benefits
tabulate for plant fitness and patterns
of natural selection.References
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Separase is the protease that cleaves the cohesive link between sister
chromatids to trigger chromosome segregation in mitosis and meiosis.
This enzyme is known to orchestrate additional mitotic events and we now
gain new insight into how it promotes cytokinesis in the nematode
Caenorhabditis elegans.Sandra Lo´pez-Avile´s
and Frank Uhlmann
Since its identification [1], the role of
separase has been intensively studied
in different model organisms, from
yeast to mammals. If it is clear that
separase is essential for chromosome
segregation during both mitotic and
meiotic divisions through the cleavage
of cohesin, other functions of separaseare still under examination. In a report
in this issue of Current Biology,
Bembenek et al. [2] propose
a function for separase in the
regulation of vesicle trafficking
associated with cytokinesis during
Caenorhabditis elegans early
embryonic cell divisions.
Cells depleted for separase (SEP-1
in C. elegans) using RNA interference
(RNAi) show abortive cell division due
